Atherosclerosis is initiated by endothelial dysfunction, as a result of increasing degradation of nitrit oxide by reactive oxygen species, thereby increasing oxydative stress. Dyslipidemia is one of the risk factors of endothelial dysfunction. The aim of this study was to evaluate the relationship of blood pressure and serum lipid level with carotid intimamedia thickness (CIMT) in subjects aged between 55-65 years.
INTRODUCTION
The increased longivity of the population is reflected in the high numbers of the elderly in the population. In Indonesia in the year 2010, there were 18,037,009 elderly or around 7.59% of the population, and their number is projected to increase to 414% between the years 1990 and 2025.
(1) The age of an individual advances with increasing oxidative stress of protein and lipid biomolecules. This increased oxidative stress will raise the risk of vascular diseases such heart disease and stroke, thus causing a decreased quality of life of the elderly. (2) The data in Indonesia show a rising trend of stroke cases, with regard to mortality, morbidity, or disability. The age-related mortality rates are 15.9% (age group of 45-55 years), 26.8% (age group of 55-64 years) and 23.5% (age group of >65 years). (3) Atherosclerosis, one of the causative factors of ischemic stroke, is a chronic inflammatory process, which leads to the formation of the initial lesion. This lesion develops into a more complex one and may even cause an acute lesion such as a ruptured plaque. Atherosclerosis commences with endothelial dysfunction in the form of thickening of the intima media complex (IMC). The endothelial dysfunction is the result of decreased bioavailability of nitric oxide (NO), which is known as a vasodilator resulting from increased NO degradation by reactive oxygen species (ROS). Free radicals are produced continuously in the body for physiological purposes. If they are present in excessive amounts, they will cause a pathological condition known as oxidative stress. (4, 5) In dyslipidemia there is an increase in the blood cholesterol concentration. Total cholesterol may be categorized into several diagnostic lipoprotein profiles, comprising high density lipoprotein (HDL) cholesterol, low density lipoprotein (LDL) cholesterol, intermediate density lipoprotein (IDL) cholesterol and very low density lipoprotein (VLDL) cholesterol, chylomicrons remnants, and triglycerides. The optimal total cholesterol concentration is <200 mg/dL, that of LDL cholesterol <100 mg/dL, HDL cholesterol >40 mg/dL, and triglycerides <150 mg/dL. (6, 7) The high LDL cholesterol concentration in the circulation and the decrease in the concentration of HDL cholesterol, which serves to transport cholesterol from the tissues to the liver, play a role in atherosclerosis. Subsequently LDL cholesterol adheres to the damaged endothelium and undergoes oxidative modification in the subendothelial space into oxidized LDL cholesterol (ox LDL), which has proinflammatory activity but may still be recognized by LDL receptors. Initially, the endothelium attempts to repair itself by attracting T lymphocytes, monocytes and platelets to the site of injury. When the repair process fails, the endothelium becomes more permeable and the lymphocytes and monocytes migrate to the subendothelial space by a process of adhesion. The monocytes develop into macrophages and express scavenger receptors, thus forming foam cells. The abovementioned oxidative modification comprises reactive oxygen species (ROS) produced by endothelial cells and macrophages. The increase in ROS leads to decreased nitric oxide (NO) production and bioavailability, resulting in vasoconstriction and platelet aggregation. (5, 8) An increase in carotid intima-media thickness (CIMT) can be detected by noninvasive ultrasound (USG) techniques. The USG examination can evaluate the vessel wall structure, which has a characteristic double reflection with an intermediate hyperechoic zone, designated the intima media complex (IMC), and used as a parameter of atherosclerosis. The IMC value increases with advancing age. The normal IMC value is <0.8mm for Asian populations, and a thickening of 1mm is considered abnormal and is suspected as a lesion of lipid disorders. (9, 10) One study investigating the association between cholesterol concentration and IMC thickness was conducted by Enomoto et al. (11) showing a significant association between HDL cholesterol and IMC. Differing results were shown by Yang et al. (12) who found no significant association between mean IMC and mean HDL cholesterol. These inconsistent study results call for futher research. Therefore, the purpose of the present study was to differentiate serum lipid concentrations and carotid intima-media thickness (CIMT) in males and females aged between 55-65 years.
METHODS

Research design
This was an analytical study of crosssectional design, conducted at the Puskesmas of Mampang Prapatan district, South Jakarta, from August 2013 until February 2014.
Study subjects
The subjects of this study were elderly residents of Mampang Prapatan district, South Jakarta, aged between 55-65 years, who were selected randomly. The inclusion criteria in this study were age between 55-65 years, agreeing to participate in this study, capable of active locomotion without walking aids, capable of answering the questions of the investigator on her/his own or with the aid of other persons. The exclusion criteria were a history of hypertension, diabetes mellitus, heart disease, stroke, smoking, consumption of cholesterol-lowering drugs and incomplete participation in the study. A total of 177 respondents were interviewed by 8 interviewers (Puskesmas cadres) using a questionnaire. Then physical examinations and measurements of serum lipid concentration were performed. Of the 177 respondents who had a laboratory examination there were 70 respondents who fulfilled the inclusion criteria. However, only 52 subjects agreed to undergo doppler ultrasound (USG) examination.
Measurement of carotid intima-media thickness
The protocol for CIMT measurement has been published elsewhere. (13) Carotid duplex USG was performed, in which the subjects were lying supine with the neck slighly extended and rotated away from the side to be examined. The 10 MHz linear transducer was placed on the neck and moved upwards from the supraclavicular region to the right and left mandibular angles. The measurement was performed on the distal part of the common carotid artery, i.e. on a 1-cm long segment of the carotid bulb. On the screen a double-line would be visible, indicating the simultaneous capture of the near-wall and the far-wall. The CIMT measurement results were reported in millimeters (mm). The instrument used was the Mindray Z6 Digital Ultrasonic Imaging system. The CIMT examination was performed on 52 subjects at the Mampang Prapatan district Puskesmas.
The laboratory examinations were performed in the Prodia clinical laboratory, while the carotid doppler examination was carried out by the investigators. The CIMT results were divided into two categories: normal if CIMT was <0.8 mm and thickened if CIMT was ≥0.8 mm. (14) 
Measurement of body mass index
Height was measured by means of a portable microtoise and expressed in cm with a precision of 0.1 cm, weight was measured using Sage portable scales and expressed in kg with a precision of 0.1 kg. Body mass index (BMI) was calculated from the weight in kg divided by height in meters squared and divided into the following categories: underweight (<18. 
Measurement serum lipid concentrations
A 10-mL blood sample was collected by venipuncture from the cubital vein of each subject, after an overnight fast of 12-14 hours, then the blood sample was centrifuged at 3000 rpm for 15 minutes. The serum was separated and placed in an automatic analyzer. Serum lipids were determined directly in the Prodia laboratory at each laboratory examination. The normal total cholesterol concentration was defined at <200mg/dL, LDL cholesterol <100mg/dL, HDL >40mg/dL, and triglycerides <150mg/dL. Determination of cholesterol concentration was performed by the CHOD-PAP method, with a coefficient of variation of 1.19 and April 2016 as expiration date. For LDL and HDL cholesterol determinations, the coefficient of variations were 1.43 and 2, respectively, with expiration date 2 February 2016. Triglycerides were measured by the GDHNAD method, with a coefficient of variation of 1.27. Glucose was determined by the GODPAP method, with coefficient of variation 1.05 and expiration date 1 January 2017.
Statistical analysis
The comparison of lipid variables and CIMT was done with the independent-t test. The level of statistical significance was set at p<0.05.
Ethical clearance
This study was given ethical clearance by the Ethics Commision, Faculty of Medicine, Trisakti University (No. 55/KER/FK/05/2013).
RESULTS
The 52 subjects had a mean age of 59. 19 (Table 1 ). There were plaques in 9 subjects with mean age of 60.05 ± 3.97 years.
In comparison with the normal CIMT group, the parameters of age, body mass index, systolic blood pressure and levels of TC, TG and LDL in the group with thickened CIMT did not show statistically significant differences (p>0.05). However, of the male subjects 24 (100.0%) had thickened CIMT, thus differing significantly from the females, of whom 21 (75.0%) had thickened CIMT (p=0.011) ( Table 2) .
The results of the analysis show a difference in gender between both CIMT groups. Stratification analysis of the females showed thickened CIMT, while the systolic (143.33 ± 22.66 mmHg) and diastolic blood pressures (86.43 ± 8.68) tended to be higher in comparison with the normal CIMT group, although the difference was statistically not significant (p>0.05) ( Table  3 .)
DISCUSSION
Our study results show a significantly greater CIMT prevalence in males than in females. Table 3 . Comparison between females of the normal and thickened CIMT groups in terms of general information and biochemical indicators (n=28)
CIMT: carotid intima media thickness; BP: blood pressure; LDL: low density lipoprotein; HDL: high density lipoprotein Differing results were shown in the study of Guan et al. (15) where the prevalence of thickened CIMT was significantly higher than in females. In our study, mean systolic blood pressure (SBP) and mean diastolic blood pressure (DBP) were higher in the thickened CIMT group compared with the normal CIMT group, but the difference was statistically not significant. Different results were obtained in the study by Guan et al. (15) showing that SBP was significantly higher in the thickened CIMT group compared with the normal CIMT group, but that DBP was not significantly different. Another study showed different results, in that both systolic and diastolic BP were found to be positively associated with CIMT. (16) High BP has been recognized as an important risk factor for cardiovascular and cerebrovascular diseases. Although high BP is a major determinant of CIMT, the associations between CIMT and different types of abnormal BP in different populations remain unknown. In an investigation enrolling 129 subjects aged from 29 to 94 years, a positive association was shown between aging and CIMT. In relation to systolic hypertension, a significant association was observed with CIMT. (18) As a result of the systemic diffuse lesions of atherosclerosis, vital organs such as the heart, brain and kidney may undergo structural and functional alterations. (19) The diagnosis of subclinical atherosclerosis can be based on CIMT measurement by ultrasonography, which may facilitate its assessment and early intervention. Atherosclerosis is currently viewed as a multifactorial disease, where the most important pathogenic factors are lipid metabolic disorders, which play an important role in its development. (20) In atherosclerosis, endothelial dysfunction occurs as a result of chronic inflammation, which includes decreased nitrite oxide (NO) production, increased expression of prothrombotic factors, proinflammatory adhesion molecules, cytokines, and chemotactic factors, in addition to increased reactive oxygen species (ROS). Low NO bioavailability increases the expression of several adhesion molecules, such as vascular cell adhesion molecule-1 (VCAM-1), intracellular adhesion molecule-1 (ICAM-1), platelet endothelial adhesion molecule-1 (PECAM-1), and integrins and selectins. Furthermore, these adhesion molecules induce recruitment and adhesion of monocytes, T lymphocytes, and thrombocytes on the endothelium. (21, 22) Thickening of IMC is also increased by various proinflammatory mediators and other types of oxidative stress.
Based on the obtained results, the limitations in this study were that no assessment was done on physical activity, dietary pattern, sociodemographic characteristics of the subjects, and on other oxidative biomarkers. The study method used was cross-sectional, so that no control was possible for confounding factors, other than those capable of causing bias.
Although the association of CIMT and increased risk of cardiovascular events is an established fact, there is still insufficient evidence to indicate that decreased CIMT will lead to a reduction in CVD. In addition, subclinical atherosclerosis is mostly considered a non-causal and nonspecific marker of atherosclerotic complications. (23) The use of standardized methods in CIMT measurement is required for further investigations, since CIMT reflects atherosclerosis in its initial stages. Carotid plaque area may be a better measure of atherosclerosis than CIMT or plaque thickness, since on average plaque area possibly increases at twice its rate of thickening. (24) It is recommended to conduct further studies of cohort design, with larger sample sizes and broader age ranges. The benefits will better felt if other biomarkers of oxidative stress are also evaluated.
CONCLUSIONS
Our study found that high blood pressure tends to increase CIMT thickening in adult females. On persons with high blood pressure and increased total and LDL cholesterol, regular health checks should be performed, especially carotid ultrasound examination, for early identification and prevention, and delayed development of atherosclerosis.
Legend: A: Plaque; B: IMC Figure 1 . Intima-media complex (IMC) (9) 
